Soil Databases in Support of Pan-European Soil Water Model Development and Applications  by Tóth, Gergely et al.
 Procedia Environmental Sciences  19 ( 2013 )  411 – 415 
1878-0296 © 2013 The Authors. Published by Elsevier B.V
Selection and/or peer-review under responsibility of the Scientific Committee of the Conference
doi: 10.1016/j.proenv.2013.06.047 
Available online at www.sciencedirect.com
Four Decades of Progress in Monitoring and Modeling of Processes in the Soil-Plant-
Atmosphere System: Applications and Challenges  
Soil databases in support of pan-European soil water model 
development and applications 
Gergely Tótha*, Melanie Weynantsa, Marc van Liedekerkea, Panos Panagosa and 
Luca Montanarellaa 
aJoint Research Centre, Institute for Environment and Sustainability, Via Fermi 2749, Ispra 21027, Italy 
Abstract 
Parallel to the advancement of soil hydrological models an evolution of soil datasets available for continental scale 
applications has taken place in Europe in the last two decades. 
A milestone in this development was the release of the digital European Soil Database, which includes a full coverage 
of soil information on a 1:1M scale, a Soil Profile Analytical Database and a Pedotransfer Rules Database. The ESDB 
allows adaptation of soil hydrological models, such as HYPRES, for spatial representation of soil water properties 
and for various further modeling applications. 
The establishment of the European Soil Data Center (ESDAC), hosted in the Joint Research Centre marked the 
beginning of a new era of soil information provision in Europe. Main aim of the ESDAC is to serve primary and 
derived, well documented soil information through a harmonized system. The ESDAC - one of the European 
environmental data centers – is the infrastructural framework to satisfy increased data demand. General (e.g. the 
ESDB) and thematic (eg. soil organic carbon map; soil salinity map) soil datasets are stored in the ESDAC, which is 
constantly updated with new data. 
To answer the increasing need for up-to-date coherent soil data in Europe, the European Commission carried out a 
topsoil survey in 2009 within the LUCAS (Land use and Land Cover Area Frame Survey). During this survey more 
than 20,000 soil samples were taken in 25 EU Member States. In 2012 two additional new Member States (Bulgaria 
and Romania) were sampled applying the same sampling methodology and soil analysis. The LUCAS Soil database, 
among others, includes measured information on soil attributes which are most needed for soil hydrological models 
(e.g. particle size distribution, organic carbon and CaCO3 content). Although limited to topsoil, the LUCAS Soil 
dataset, in combination with other information, has a potential to provide basic soil information for regional scale 
modeling.   
Leading institutes in soil hydrological research in Europe have decided to establish a common European Soil 
Hydropedological Data Inventory (EU-HYDI) in 2012. The EU-HYDI dataset contains information on both basic and 
hydrological soil properties of over 16,000 soil samples from 18 countries, covering all major biophysical regions of 
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Europe, from Portugal to Russia. The EU-HYDI, being the most comprehensive dataset of its kind is foreseen to yield 
a series of new research results, including accurate and reliable inputs for soil water models in the coming years. This 
expected new information, combined with evolving spatial datasets can contribute to a number of applications that 
build on pan-European soil water models and maps. 
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1. Introduction 
The European Soil Data Centre (ESDAC), hosted at the Joint Research Centre of the European 
Commission is the thematic center for soil related data in Europe [EC 2013]. Soil data and information at 
European level is stored at ESDAC, with different thematic and spatial details. This report summarizes 
the current status of those spatial datasets that can be used for developing and applying models related to 
soil water on a pan-European Scale. Main features of the datasets are highlighted with special focus on 
their content related to soil hydrology and references to complete information are given. 
2. Spatial datasets of basic soil properties 
2.1. European Soil Database v2.0 
The European Soil Database (ESDB), ESDAC’s most widely used dataset provides Pan-European data 
for 73 primary or derived soil attributes [1]. The ESDB’s core data includes information with a spatial 
coverage on (i) soil classification (ii) texture (iii) parent material (iv) impermeable layer within the soil 
profile (v) soil water regime (vi) most important limitation to agricultural use [2]. From this information 
further attributes are estimated through pedotransfer rules including hydrological properties like available 
water capacity and chemical properties like base saturation. The spatial information of soil attributes 
presented on a nominal scale of 1:1M is available through ESDAC both in vector and raster formats with 
full coverage of Europe. The Soil Profile Analytical Database (SPADE/M Version 2.0) is a 
complementary database within the ESDB containing profile data for use in modeling at the European 
level. Measured and estimated soil profiles data is hold at the SPADE/M, containing information on soil 
physical (structure, particle size distribution, bulk density etc.) and chemical (organic carbon content, pH, 
gypsum content etc.) properties that can influence hydrogeological behavior. 
2.2. LUCAS topsoil database 
Approximately 20,000 topsoil samples were collected in 25 European Union (EU) Member States 
(EU-27 except Bulgaria and Romania) with the aim to produce the first coherent pan-European physical 
and chemical topsoil database, which can serve as baseline information for an EU wide harmonized soil 
monitoring. The soil sampling was undertaken within the frame of the Land Use/Land Cover Area Frame 
Survey (LUCAS), a project to monitor changes in the management and character of the land surface of 
the EU. Soil samples have been analysed for basic soil properties, including particle size distribution, pH, 
organic carbon, carbonates, NPK, cation exchange capacity (CEC) and multispectral signatures. 
Preliminary studies show the outstanding potential of the dataset for enhancing the knowledge base on 
soils in the EU [3].  
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2.3. Biosoil data 
Soil samples from more than 4000 plots under forest vegetation were taken across the EU within the 
BioSoil project, largely following the methodology of Forest Focus and ICP Forests [4]. The Biosoil data 
originates from two different networks of site locations: (1) network of sites for systematic forest 
condition monitoring and (2) sites for intensive forest condition monitoring. Samples were analyzed for 
main physical (e.g. texture, bulk density) and chemical (e.g. organic carbon content) properties. 
Georeferenced soil data is stored  in a database format compatible with the SPADE/M data.  
3. Thematic Pan-European soil maps  
3.1. OCTOP soil organic carbon content map 
Pedo-transfer rules have been applied on (a) soil data derived from the ESDB (b) an extended 
CORINE land cover dataset, (c) a digital elevation model (DEM) and (d) mean annual temperature data 
for calculating the organic carbon contents of topsoils in Europe [5]. These calculated soil organic carbon 
values are available as 1km raster data set with a full coverage for the European Union and a number of 
neighboring countries.  
3.2. Map of natural susceptibility to compaction 
This map shows the natural susceptibility of agricultural soils to compaction if they were to be 
exposed to compaction [6]. The evaluation of the soil’s natural susceptibility is based on the creation of 
logical connections between relevant parameters (pedotransfer rules). The input parameters for these 
pedotransfer rules are taken from the attributes of the European Soil Database, e.g. soil properties: type, 
texture and water regime, depth to textural change and the limitation of the soil for agricultural use. 
Besides the main parameters auxiliary parameters have been used as impermeable layer, depth of an 
obstacle to roots, water management system, dominant and secondary land use. It was assumed that every 
soil, as a porous medium, could be compacted.  
3.3. Map of salt affected soils 
Salinisation and sodicification are among the major degradation processes altering soil hydrology as high 
level of salt content is a decisive factor of soil water retention and conductivity. The map of salt affected 
soils shows the area distribution of saline, sodic and potentially salt affected areas within the European 
Union [7]. The accuracy of input input data only allows the designation of salt affected areas with a 
limited level of reliability (e.g. < 50 or > 50% of the area); therefore the results represented in the map 
should only be used for orientating purposes. 
4. Datasets containing information on soil hydraulic properties 
Datasets on soil hydraulic properties stored in ESDAC are not publically available as they have 
explicit copyright restrictions [8; 9]. This is the case for both major datasets (see below) storing soil 
hydrophysical information. However research collaboration with the data owners is open, therefore an 
introduction to these datasets might be of interest to the scientific community. 
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4.1. Database of Hydraulic Properties of European Soils (HYPRES) 
The HYPRES project was initiated in the 1990’s to bring together the available hydraulic data which 
resided within different institutions in Europe into one central database. This information was then used 
to derive a set of pedotransfer functions applicable to studies at a European scale [10]. Institutions from 
12 European countries collaborated in establishing the database of HYdraulic PRoperties of European 
Soils (HYPRES). The database contains over 3000 unique soil samples (5521 soil horizons including 
replicates) with measured soil physical properties including  hydraulic conductivity measurements  for 
1136 horizons and 2894 horizons for water retention. 
4.2. European Hydropedological Data Inventory (EU-HYDI) 
The creation of a new comprehensive European Hydropedological Data Inventory was initiated by the 
Joint Research Centre in 2012. Leading institutions of soil hydrology from EU member states, Russia and 
Ukraine participated in the project which resulted a database of over 16000 unique soil samples from over 
6000 soil profiles [9].  
The EU-HYDI is relational database containing different types of information regarding the soil 
profiles, horizons and samples, such as (i) general profile properties (ii) basic and physical data at the 
sampling layer (iii) chemical data at the sampling layer level (iv) measured particle size distribution data 
at the sampling layer (v) Measured soil water retention data at the sampling layer level (vi) measured soil 
hydraulic conductivity data at the sampling layer level (vii) Measurement method 
To date the EU-HYDI is the most comprehensive hydropedological dataset in Europe, which can serve 
multiple purposes, including scientific research, modeling and application of models on different 
geographical scales. 
5. Concluding remarks 
To answer the increasing need for up-to-date coherent soil data in Europe, the European Commission, 
together with its collaborating institutes carried out three major projects in the last years to complement 
the existing European Soil Database. The BioSoil project focused on sampling forest soils across the EU, 
the LUCAS project covered topsoil sampling from all but predominantly cropland land use types while 
the EU-HYDI project gathered available hydrogeological information from the EU, Russia and Ukraine.  
This advancement in pan-European soil data can contribute to a number of new applications that build 
on regional to continental scale soil water models and maps. 
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